ABSTRACT: Identifying foraging areas of individuals and correlating them with potential food resources allows for a better understanding of predator-prey relationships. Herein, we examine whether grey seal movements were associated with overwintering concentrations of several commercial fish species in the Cabot Strait, Atlantic Canada, using data from satellite transmitters deployed on grey seals (between 1993 and 2005) and winter bottom-trawl survey data (1994 to 1997). The distribution of searching effort by male grey seals varied throughout the winter. In early winter, males concentrated their movements around St. Paul's Island. In late winter, they were found to the southeast of this area, where females also occurred. The fish community differed between apparent foraging and non-foraging areas. Densities of small plaice, hake and redfish, large herring and cod of all sizes were relatively high in the male grey seal foraging zones; female foraging zones were characterized by higher densities of small plaice and redfish and large cod. Areas where grey seal foraging was not concentrated were characterized by high densities of medium and large redfish as well as large turbot and witch flounder. Diet samples are needed to determine whether grey seals are feeding on the fish groups that distinguish foraging from nonforaging areas or alternatively on other prey that occur in the same areas.
INTRODUCTION
Relationships between predators and their prey are complex and include both direct and indirect effects operating at different trophic levels. Several studies have explored the impacts of marine mammals and other predators on their prey using ecosystem models and have suggested that upper level consumers contribute to maintaining structure in marine ecosystems (Yodzis 1998 , Morissette et al. 2006 , Savenkoff et al. 2007 .
Northwest Atlantic ecosystems have undergone significant changes in recent decades (e.g. Savenkoff et al. 2007 ). In the southern Gulf of St. Lawrence (Gulf), the biomass of large demersal fishes, most notably Atlantic cod Gadus morhua, collapsed in the late 1980s and early 1990s due to overfishing. Fishing effort directed at cod, the main target of demersal fishing in the southern Gulf, was sharply reduced in 1993 and has remained low since that time. Despite nearly 20 yr with very low fishing mortality, demersal fish populations in the southern Gulf have failed to recover, primarily due to elevated natural mortality of adult fish (e.g. Swain & Chouinard 2008 , Swain et al. 2009 ). For example, estimates of fishing and natural mortality of cod in 2008 (Swain et al. 2009 ) corre-spond to annual losses of < 5% of adult cod to fishing and ~45% to natural mortality. It has been suggested that predation by an increasing grey seal population (Thomas et al. 2008 ) may be an important factor in the elevated natural mortality of adult cod (Chouinard et al. 2005 , Benoît & Swain 2008 , Swain et al. 2009 ). However, diet studies from the southern Gulf have not supported the hypothesis that seals are consuming large numbers of large cod (e.g. Hammill et al. 2007 ). But these studies, which are based on prey hard parts (in particular otoliths or ear bones) found in the digestive tracts of seals, may underestimate the consumption of large fish if their heads are not consumed (Hauser et al. 2008 , Phillips & Harvey 2009 or if sampling has not occurred where grey seals and large fish overlap (Benoît et al. 2011) .
The overwintering period, when southern Gulf cod occur in dense aggregations at consistent locations (see 'Results'), is a period when cod may be an attractive prey resource to grey seals. However, sampling of seals for diet studies at this time of year is logistically challenging. In theory, the availability and distribution of resources is expected to affect the distribution of animals as well as their space-use strategy (Johnson 1980 , Manly et al. 2002 , and effective predators should concentrate effort in areas with the highest probability of capturing prey (Fauchald & Tveraa 2003) . Thus, identifying areas of intensive use by grey seals and relating them to the distribution of potential prey may provide clues to seal diets in these offshore, difficult to sample areas. In the present study, we describe grey seal movements in the vicinity of the overwintering grounds of cod and other commercially important fishes. We compare the fish community composition between areas where seals concentrate their time (presumably foraging) and areas where seals do not show evidence of foraging. We suggest that fish species (and size classes) characteristic of the areas used by foraging seals represent potential prey of these seals.
MATERIALS AND METHODS

Study area
The present study encompassed portions of the Gulf, Cabot Strait and Scotian Shelf of eastern Canada (Fig. 1) . This area is dominated by the deep Laurentian Channel (> 300 m), with a shallow shelf (< 200 m) to the southwest and a number of shallow banks to the northeast. The southern Gulf is largely ice-covered in winter. Most commercial fish species leave the southern Gulf in late fall, overwintering in the deep waters of the Laurentian Channel or along its southern slope (e.g. Swain et al. 1998) . Northwest Atlantic grey seals are widely distributed throughout this area and over the Scotian shelf in summer. In autumn, grey seals leave the northern Gulf and move into the southern Gulf or onto the Scotian Shelf. Breeding aggregations form on small islands and on the pack-ice in the southern Gulf, along coastal Nova Scotia and on Sable Island from December to February (Lavigueur & Hammill 1993) .
Fish distribution
Bottom trawl surveys were conducted in the Cabot Strait area in January of 1994 to 1997 by the RV 'Alfred Needler ' (1994 to 1995) or 'Wilfred Templeman' (1996 to 1997 (Chouinard & Hurlbut 2011 Seven common, commercially important fish species were selected for analysis, including species frequently (e.g. herring and cod) or rarely (e.g. witch flounder and turbot) reported in grey seal diets. For each fish species, survey catches were divided into 2 or 3 size classes (Table 1) , for a total of 16 fish groups. To adjust for the size-dependent differences in fishing efficiency between the Western IIA and Campelen trawls, catch rates for a particular species and size class were adjusted to produce the same average value in each year in a subset of the survey area sampled in all years, as follows:
(1) where x ij is the catch of the species and size class in tow i in year j, X -. j is the average catch in year j in the area sampled in all years, and X -. is the average of the 4 annual averages.
We combined data from all 4 years to estimate the average distribution of each of the 16 fish groups in January 1994 to 1997. These average fish distributions were then related to the foraging distributions of grey seals throughout the study period (winter, 1993 to 2005) . This assumes that the average distribution in January 1994 to 1997 is representative of fish distribution throughout the winter over the whole 1993 to 2005 period (this assumption is ad dressed in the 'Discussion'). Fish densities were estimated at each point on a 10 × 10 km grid, using the Geostatistical Analyst extension of ArcGIS v9.2 (Environmental System Research Institute). Estimates were made by ordinary kriging using an omni-directional, spherical semivariogram model, a standard approach for mapping fish abundance data from trawl surveys (e.g. Rivoirard et al. 2000) . Catch rates were averaged when >1 value was available at the same location. The boundary of the study area was defined as a polygon that extended 10 km be yond the survey stations.
Grey seals
A total of 192 grey seals were captured at Sable Island (134), the St. Lawrence Estuary (3) and the Gulf of St Lawrence (55) between 1993 and 2005 ( Fig. 1) (Breed et al. 2006 , Harvey et al. 2008 ). An incisor tooth was ex tracted for age determination in the Gulf (Bernt et al. 1996) , while animals from Sable Island were marked as pups, so their ages were known at sub sequent capture (Beck et al. 2007 ). Animals were classified as juveniles (< 6 yr old) or adults (≥6 yr old) (Harvey et al. 2008) . A satellite time-depth re corder was glued to the upper neck or head of each seal using a quicksetting epoxy (Breed et al. 2006 , Harvey et al. 2008 . All animal handling procedures followed the guidelines of the Canadian Council on Animal Care (1993). 
Modelling path trajectories
Seal movements were described using a firstdifference correlated random walk model with a 480 min time-step (3 locations per day) (Breed et al. 2009 ). The path of each individual was analysed to identify seals that occurred within the study area during winter, which was identified as the period from 12 December, the mean date of departure for the autumn migration for the seals included in our analyses, until 30 April. The breeding season (1 to 21 January) was excluded from the analyses.
Identification of foraging zones
We calculated the time spent by seals along different parts of their tracks using first-passage time (FPT) analyses (Fauchald & Tveraa 2003) . FPT is defined as the time required for an animal to cross a circle of a given radius. This analysis allowed us to identify where individuals spent their time along a track and at which scale they adopted an area restricted search (ARS). We assumed that the presence of an ARS represented foraging behaviour (e.g. Weimerskirch et al. 2007) . For each track, we calculated the FPT for points interpolated at 2 km intervals along the path for radii ranging from 4 to 100 km (Freitas et al. 2008) . The variance of the log-transformed FPTs was calculated and plotted to identify the radius at which the maximum variance occurred (Fauchald & Tveraa 2003) . The FPT at each point along the track, calculated at the radius with maximum variance in FPT for each individual, was then used to compare the time spent by the animal along the different parts of its track. We performed the FPT analyses only on tracks with >15 locations (Pinaud 2008) . Analyses were completed using custom software (A. Mosnier, University of Quebec at Rimouski). The presence of multiple spatially distinct ARS zones along the path was determined following the method developed by Lemieux-Lefebvre (2009) .
The effects of sex, season, age class and region within the study area on ARS size were determined using general linear mixed models fitted by maximum-likelihood parameter estimation. 'Individual' was considered as a repeated factor in the model. All possible models with 2-way interactions were tested and compared to the mean model: y = μ + ε. Variables included in each model were entered simultaneously. The ARS size was log e -transformed to meet the assumptions of parametric analyses. Model selection based on changes in Akaike's information criterion (ΔAIC) and AIC weights was used to select the most parsimonious model. Models with ΔAIC ≤ 2 were considered to be equivalent. When models were equivalent, the model with the fewest parameters was retained as the best one (Burnham & Anderson 2002) .
Spatial overlap between seals and fish
We examined the overlap between seals and potential fish prey in 2 ways. First, we compared fish densities between areas where seals foraged with fish densities and areas where seals did not forage. We then examined differences in community composition between foraging and non-foraging zones using a nonmetric, multi-dimensional scaling (MDS) approach, in which differences between zones were tested by analysis of similarity (ANOSIM). In the first approach, fish densities were compared between observed ARS zones and randomly located circles of similar size. For each identified ARS, we generated 40 circles of the same radius at random locations within the study area. This number was selected be cause the mean density for each fish group converged to the average in the study area with 40 samples. Random circles were retained if > 50% of their area was within the study area (Harvey et al. 2008) . Three very large ARS zones (radius ≥80 km) were omitted because they occupied vast areas and the seal track occupied only a very small zone within each circle. A total of 2000 random circles were generated. Only 62 had > 50% overlap with the study area but <1% overlap with the foraging circles. These were classified as nonforaging circles. Densities of each fish group were compared between male foraging zones (n = 26), female foraging zones (n = 19) and these non-foraging zones (n = 62). To estimate mean density in each zone, each fish group was split into 10 density classes (based on percentiles of the density distribution for that group). The average density of the group within each circle was calculated as the weighted average of the median densities of each density class, with the weighting based on the proportion of the circle area attributed to each density class.
In the second approach, we implemented the randomisation analysis described by Clarke & Green (1988) to calculate the significance of differences among fish communities in female foraging, male foraging and non-foraging areas (ARS zones). A BrayCurtis similarity matrix was computed to compare the 107 zones. Based on this similarity matrix, an ordination of the zones was produced using non-metric MDS. Differences in the fish community composition between foraging and non-foraging zones were tested by ANOSIM (Clarke & Green 1988) . This approach uses randomisation tests based on permutations of the similarity matrix. The test statistic R was calculated as follows: (2) where r W -is the average of all rank similarities among zones of the same type, i.e. female foraging, male foraging or non-foraging areas, r B -is the average rank similarity among zones of different types, M = n(n − 1)/2, and n is the total number of zones. Zones were randomly re-assigned to types, and R was calculated for each of 999 random permutations. The significance level for the difference between zone types was given by (N + 1)/1000, where N is the number of random permutations yielding an R greater than or equal to that of the observed data. Computations were made using the software programme PRIMER (Clarke & Gorley 2001) .
RESULTS
Fish distribution and abundance
Atlantic cod was the most abundant fish species in the January survey catches, accounting for 19% of the total catch by number and 38% of the catch by weight. Large aggregations of cod belonging to the northern Gulf population occurred in deep water on the north side of the channel. However, the greatest concentrations of cod, belonging to the southern Gulf population (Swain et al. 2001) , occurred along the southern slope of the Laurentian Channel near the 200 m depth contour (Fig. 2) . In this area, a dense concentration of all size classes of cod, just north of Cape Breton in the vicinity of St. Paul Island, was evident in all years ( Fig. 2 ) (see Fig. A1 in the Appendix). Additional concentrations of large cod occurred further to the southeast near the 200 m contour. The location and importance of these additional aggregations varied from year to year. The very dense aggregation of large cod at the southeastern edge of the study area is due to a single large catch in 1994 (see Fig. A1 ). Smaller cod occupied shallower depths than larger cod.
Redfish were the second most common species caught, accounting for 15% of the total catch by number and 18% of the catch by weight. Redfish were most abundant on the north side of the Laurentian Channel, with the larger fish of this species found in deeper water (Fig. 2) . Some small redfish also occurred along the southern slope of the Laurentian Channel, mostly around St. Paul Island and at the southeastern end of the study area. Herring, the third most common species (9% by number, 6% by weight), was most abundant on the shelf, south of the Laurentian Channel, again with smaller fish found in shallower water (Fig. 2) . The highest concentrations of herring occurred between Cape Breton and St. Paul Island, along the 200 m contour to the southeast of this area and near the southeastern limit of the study area.
The remaining species were, for the most part, restricted to waters deeper than 200 m in the Laurentian Channel (Fig. 2) . White hake occurred mainly along the south slope of the Laurentian Channel, just beyond the 200 m contour. Plaice were most abundant in the northern part of the study area, particularly in the deep waters of the Laurentian Channel. Witch flounder and turbot were distributed predominantly in deep waters (> 400 m) in the central region of the Laurentian Channel.
Considering all 16 fish groups, fish were concentrated in 3 areas. One concentration, consisting of high densities of cod and herring (all size classes), occurred in the area from Cape Breton to St. Paul Island. A second concentration consisting of large cod and large herring as well as American plaice, white hake, small redfish and large witch flounder occurred along the southern slope of the Laurentian Channel at the southeastern limit of the study area. A third concentration consisting of large cod and medium and large redfish occurred in the Burgeo Bank area.
Grey seal telemetry
A total of 172 grey seals were tagged between 1993 and 2005; 53 animals were tagged during the period when the fish surveys were conducted. Animals were tracked for a mean duration of 164 ± 7 d (range = 19 to 359 d) with a total of 28 428 d of tracking. Of these seals, 35 (14 from Sable Island; 21 from Gulf of St Lawrence; 15 males, 20 females) travelled within the study area during the winter period at least once. A total of 970 seal days were recorded in the study area, including 2908 locations. Individual seals stayed in the study area for an average of 10.9 ± 1.4 d (range = 0.3 to 61 d). Seven seals travelled to the study area both before and after breeding. 
FPT analyses
FPT analysis was applied to 56 segments or paths from the 35 seals that frequented the study area in the winter. The paths of these seals were largely restricted to the southern portion of the study area in the waters off Cape Breton.
A peak in variance was detected in 52 paths (95%), and a total of 158 ARS zones were identified. Excluding the 3 ARS with a diameter (Fig. 3) . Five individuals concentrated their searching effort at 2 different spatial scales and were then considered as different individuals at each of the 2 scales in our analyses. The radii of the ARS varied from 8 to 60 km, with a mean of 19.5 ± 1.5 km. Only males had ARS within the study area before the breeding period, whereas both males and females had ARS within the study area after the breeding period. There was no difference in the time animals spent before and after breeding within the study area (F 1,10 = −1.00; p = 0.34), nor were there any sex ( The ARSs within the study area were concentrated near St. Paul Island and in the southern part of the study area on the Scotian Shelf. The former area was used at the beginning of the winter (mean date: 14 December to 6 January), whereas the latter area was used by seals later in the winter (23 January to 15 February). Males and females concentrated their searching efforts in different parts of the study area. The ARSs of males from the Gulf (n = 7) and one male from Sable Island were concentrated around St. Paul Island (11 ARS) (Fig. 3c) . Males (Gulf: 5; Sable: 2) also exhibited foraging effort offshore, north of Cape Breton (14 ARS). Males that foraged around St. Paul Island also hauled out on the island between trips at sea. Nine ARS associated with males tagged at Sable Island were within the southern part of the study area. These animals made return trips to Sable Island. Females (n = 19, all from Sable Island) concentrated their searching effort in the southern portion of the study area, from which they also made return trips to Sable Island (Fig. 3c) . A total of 12 of 18 animals observed within the study area in winter before 2000 (Gulf: 15; Sable: 3) had an ARS around St. Paul Island, while after 2000, only 4 out of 17 (Gulf: 6; Sable: 11) animals that travelled within the study area during the winter period had an ARS in this area. 
Fish community differences between foraging and non-foraging zones
In the male foraging zones, densities of large herring, small size groups of plaice, hake and redfish and all sizes of cod were high compared to the non-foraging zones (Fig. 4) . In the female foraging zones, the estimated densities of all fish species examined were generally low, though the abundance of small plaice and redfish was higher in these zones than in the non-foraging zones. In the non-foraging zones, large size classes of witch flounder, turbot and redfish were considerably more abundant than in the male or female foraging zones.
The MDS ordination indicated that the fish communities within non-foraging zones were similar to each other but were distinct from those of foraging zones (Fig. 5) . The foraging zones were more widely dispersed in the ordination, indicating a more variable fish community. Based on the randomisation test, highly significant (p < 0.01) differences in fish community composition occurred among the male foraging, female foraging and non-foraging zones. Differences were also significant in all pairwise comparisons between zone types, though the differences between the 2 foraging zone types (male or female) and non-foraging zones were much more significant (p < 0.01) than the difference between male and female foraging zones (p < 0.05). The main fishes (in order of importance) for each of the zones were medium and large redfish and large turbot and witch flounder for the nonforaging zones, small plaice and redfish and large cod for the female foraging zones, and large cod, large her ring, small plaice and mediumsized cod for the male foraging zones ( Table 2 ). The main fishes contributing to the average dissimilarity between the non-foraging and female foraging zones were me dium and large redfish and large turbot, with all 3 fish groups at higher den sity in the non-foraging zones (Table 3 ). The non-foraging and male foraging zones were distinguished by relatively high densities of medium and large cod in the male foraging zones and relatively high densities of medium and large redfish in the non-foraging zones. Male foraging zones were distinguished from female foraging zones by higher densities of medium and large cod and both size classes of herring (Table 3) .
DISCUSSION
During November and early December, most of the commercially important groundfish in the Gulf of the St Lawrence migrate to overwinter in the Laurentian Channel (Clay 1991 , Darbyson & Benoît 2003 . Southern Gulf cod overwinter along the southern slope of the channel, in particular off St. Paul Island, while northern Gulf cod overwinter along the northern slope of the channel, in particular off the Burgeo Bank area (Swain et al. 2001 ). Many of these fishes, particularly cod, are highly aggregated in winter. Larger fish tend to be associated with deeper water further down the slope of the channel (Swain et al. 1998 ). This seasonal shift in the Gulf fish community coincides with a shift in distribution of grey seals as animals leave the estuary and northern Gulf and move into the southern Gulf or Table 2 . Main fish groups contributing to the similarity between zones within a zone type (male foraging zones, female foraging zones or randomly placed non-foraging zones). C -is the average catch rate in a zone type, S -is the average Bray-Curtis similarity between pairs of zones within a zone type, Si is the contribution of fish group i to similarity within a zone type averaged over all pairs of zones in the type, %S is the percentage contribution to S -, and SD i is the standard deviation of S i . A high value for Si /SD i indicates that fish group is typical for a given zone type (i.e. is found at consistently high abundance throughout the zone type)
onto the Scotian Shelf (mean date = 25 November) (Harvey et al. 2008 ).
In the present study, location information from free-ranging grey seals equipped with satellite transmitters and winter bottom-trawl survey data were combined to quantify the degree of overlap between grey seals and overwintering fish species of commercial interest in the Cabot Strait/northeast Cape Breton area. Our results suggest considerable overlap between male grey seal foraging zones and the areas occupied by overwintering cod and herring in the Cabot Strait area, particularly during early winter (December to January).
Grey seals are generally strongly associated with shallow waters (Harvey et al. 2008) . They are also central place foragers (McConnell et al. 1999 , Austin et al. 2004 . The necessity to alternate hauling-out with foraging trips undoubtedly limits the searching range of seals to some degree. Within the study area, grey seal foraging zones were concentrated in shelf and slope areas on the south side of the channel, particularly around St. Paul Island and on the Scotian Shelf in the southern part of NAFO fishing zone 4Vn (Fig. 1) . The proximity to haul-out sites on St. Paul Island allows grey seals to forage on the dense aggregations of prey overwintering in this vicinity, even though in this area, the fish, in particular medium and large cod, occur in relatively deep water.
The fish communities differed significantly between foraging and non-foraging zones of grey seals. The composition of the fish community was very similar throughout the non-foraging zones. Few grey seals foraged on the banks in the northern part of the study area or in the deep waters of the Laurentian Channel, the areas where redfish (particularly those > 20 cm in length), witch flounder and turbot were distributed. Foraging zones were distinguished from non-foraging zones by the absence of deepwater fish groups and by high densities of medium and large cod and large herring (male seals) or by higher densities of large cod and small plaice (female seals). Such sex differences in diet as well as foraging strategy and blubber accumulation have been reported elsewhere (Beck et al. 2005 , Breed et al. 2006 and likely reflect different reproductive strategies of the 2 sexes.
The fish species selected for this analysis composed the majority of the total catch in the January surveys Table 3 . Main fish groups contributing to the dissimilarity between zones in different zone types (male foraging zones, female foraging zones or randomly placed non-foraging zones). C -1 is the average catch rate in zone type 1, δ -is the average BrayCurtis dissimilarity between pairs of zones in different zone types, δ -i is the contribution of fish group i to the dissimilarity between zone types, %δ is the percent contribution to %δ, and SD i is the standard deviation of δ -i . A high value for δ i /SD i indicates that fish group is a good discriminating variable among groups and among zone types (59% by number and 77% by weight). Much of the remaining catch (22% by number and 13% by weight) consisted of 3 species: black dogfish Centroscyllium fabricii, common grenadier Nezumia bairdi and longfin hake Phycis chesteri. These 3 species are confined to the deep waters of the Laurentian Channel, an area rarely used by foraging grey seals in our study. Capelin Mallotus villosus also made an important contribution to the total catch in the surveys (11% by number, 0.4% by weight), and large catches of capelin did occur on the Scotian Shelf in the southern part of the study area, where female foraging zones were frequently situated. However, these large catches were restricted to 1995, and catches of capelin in the other 3 survey years were small. Sandlance Ammodytes spp., an important prey species for grey seals in some areas and seasons, were very rare in the January survey catches (0.04% by number and 0.001% by weight). The trawls used in the January survey will catch sandlance when they are abundant, so this suggests that sandlance are not an abundant fish in our study area. This is confirmed by the annual July survey of the Scotian Shelf, in which large numbers of sandlance are caught on the banks but very little within our study area, except for in the southernmost areas (see Fig. A2 in the Appendix).
Our analysis compared the winter (December to April, 1993 to 2005) movements of seals with the distribution of fish surveyed from January 1994 to 1997. Too few transmitters were deployed on seals in the early years of the study to allow us to limit our analyses of seal movements to only the 1994 to 1997 period, and limited financial resources have precluded conducting additional winter fish surveys. Thus, our analysis assumes that the average distribution of fish in January 1994 to 1997 is representative for winters over the whole 1993 to 2005 period. Depth plays a dominant role in determining the species composition of demersal fish assemblages (e.g. Bianchi 1992, Tolimieri & Levin 2006) , and it is likely that the depth-dependent patterns in fish distribution characterized by the average 1994 to 1997 distributions are conserved throughout the study period. This is supported by the similar distributions between years in the 1994 to 1997 timeframe (Chouinard & Hurlbut 2011) . In particular, a dense aggregation of large cod was observed off St. Paul Island in all 4 years surveyed. Although the abundance of southern Gulf cod has declined further, by ~58% between 1995 ~58% between and 2009 ~58% between (DFO 2009 , the winter aggregation of large cod off St. Paul Island appears to have persisted. A very large cod aggregation was detected in this area in January 2001 (Comeau et al. 2002) . The limited commercial fishing that continued up to 2008 was concentrated in the St. Paul Island area in December and January (Swain et al. 2009 ). However, we cannot say with certainty that there were no changes in fish distributions over the study period. We know that ice coverage does influence movement patterns. When ice extends into the Cabot Strait later in winter, southern Gulf cod may extend their distribution further south along the slope of the channel. This may partly explain the difference in the distribution of foraging zones between early and late winter.
The FPT method provides an unbiased approach to defining putative foraging areas, although some authors have criticized this approach (e.g. Barraquand & Benhamou 2008) for the lack of biological meaning in the definition of the radius of the foraging areas. Nonetheless, FPT allowed us to define standard zones scaled to the movement patterns of the seals, in which we could compare fish abundance and community composition between areas used by seals and areas not used by seals. These comparisons identified considerable overlap between aggregations of large cod in the St. Paul Island area and male grey seals from the Gulf. However, we also observed that fewer seals established ARS in this region after the year 2000. This is likely due to a greater proportion of the post-2000 deployments consisting of Sable Island animals, which were less likely to use the St. Paul Island area than Gulf animals, but we cannot exclude the possibility of some functional response to the overall decline in cod abundance or that this change in seal distribution might reflect a shift in fish distribution.
Grey seals are primarily piscivorous, with invertebrates accounting for only a small fraction of their diet (Bowen et al. 1993 , Hammill et al. 2007 ). Both spatial and temporal differences in diet have been reported, but usually < 8 species account for ~80% of the diet, with individual seals often specializing in even fewer prey species , Hammill et al. 2007 , Tucker et al. 2008 . Small herring, hake and medium-sized cod are among the species most commonly observed in diets of grey seals from the Gulf of St. Lawrence (Benoît & Bowen 1990 , Murie & Lavigne 1992 , Hammill & Stenson 2000 , Hammill et al. 2007 ), while sandlance, redfishes, flatfishes, cod and witch flounder are important grey seal prey on the Scotian Shelf (Bowen & Harrison 1994 , Beck et al. 2007 ).
Natural mortality is currently elevated among large southern Gulf cod, and despite very low levels of fishing mortality, this stock continues to decline (Swain & Chouinard 2008) . Predation by grey seals has been proposed as one factor in the failure of this stock to recover (Chouinard et al. 2005) . Overlap between aggregations of large cod and foraging grey seals, particularly in the St. Paul Island area of the Cabot Strait, provides support for this hypothesis. However, cooccurrence does not necessarily indicate predation. Co-occurrence also cannot be used to determine whether cod and seals are feeding on the same prey because cod feed very infrequently on the overwintering grounds (Schwalme & Chouinard 1999) . To determine whether grey seals are targeting the large cod aggregated near St. Paul Island or some other prey that co-occur with cod at this time, grey seal diet samples are needed. Additional winter surveys would also confirm whether winter aggregations of cod in this area have persisted in spite of continued decline in cod biomass. 
